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(54) Measuring arrangement 

(57) The invention relates to a measuring arrange- 
ment for measuring a pressure signal from a living body. 
The measuring arrangement comprises a sensor struc- 
ture comprising a converter (1 1 ) for converting the effect 
of the pressure signal measured from the body (1) into 
an electrical signal. The measuring arrangement of the 
invention comprises a pressure transmission structure 
(30, 31 to 38) prior to the converter in the sensor struc- 
ture, the pressure transmission structure comprising 
one or more pressure transmission elements (31 to 38). 



The pressure transmission structure is, through one or 
more pressure transmission elements, meant to be in 
direct or indirect contact with the body for detecting the 
pressure signal measurable from the body. The pres- 
sure transmission structure is, through one or more 
pressure transmission elements, connected to the con- 
verter (11 ) for transmitting the effect of the pressure sig- 
nal detected in the body to the converter (11 ) in the sen- 
sor structure by means of one or more pressure trans- 
mission elements (31 to 38) of the pressure transmls- 
sk)n structure (30). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a measuring arrange- 
ment for measuring a pressure signal from a living body. 
whk:h measuring arrangement comprises a sensor 
structure comprising a converter for converting the ef- 
fect of the pressure signal measured from the Isody to 
an electrical signal. 

[0002] The invention Is applied in particular to wrist- 
band-type heart rate monitors which by means of the 
measuring arrangement measure the pressure pulse 
signal of the wrist artery and, on the basis thereof, de- 
termine the heart rate. Another field of application is the 
pressure pulse measurement required in blood pres- 
sure measurement. The invention Is especially well suit- 
ed for muiti-channel measurement, in which the sensor 
structure of the measuring arrangement comprises sev- 
eral measuring channels. 

[0003] In known measuring arrangements the sensor, 
i.e. in practice, the converter in the sensor, is flat and in 
direct contact with skin. The measuring point, such as 
the area of the wrist artery, is, however, an area which 
does not allow a flat sensor to settle well enough against 
the skin. This problem is accentuated in multi-channel 
sensors in which the sensor is considerably wider than 
in one-channel sensors. A flat sensor also provides the 
disadvantage that, by means of it, it is not possible to 
mechanically amplify the signal that is transmitted from 
the artery to the signal converter. Thus, the drawback in 
known measuring arrangements is too poor a measur- 
ing sensitivity. 

BRIEF DESCRIPTION OF THE INVENTION 

[0004] It is thus an object of the invention to develop 
a novel measuring arrangement so as to reduce the 
problems and drawbacks related to the known solutions. 
[0005] To achieve the above-mentioned objective, the 
measuring arrangement of the invention is character- 
ized in that it comprises a pressure transmission struc- 
ture prior to the converter in the sensor structure, the 
pressure transmission structure comprising one or more 
pressure transmission elements, and which pressure 
transmission structure is, through one or more pressure 
transmission elements, meant to be in direct or Indirect 
contact with the body for detecting the pressure signal 
measurable from the body and which pressure trans- 
mission structure is, through one or more pressure 
transmission elements, connected to the converter for 
transmitting the effect of the pressure signal detected in 
the body to the converter in the sensor structure by 
means of one or more pressure transmission element. 
[0006] The idea of the invention is based on a pres- 
sure transmissbn structure Implemented by means of 
one or more pressure transmission elements, and its 
suitable design. 



[0(K)7] The method and arrangement of the invention 
provide the advantage that the sensor settles better than 
before against the measuring point, for instance against 
the wrist at the wrist artery. The invention also in a way 

5 raises what is known as the sensitive surface of the sen- 
sor to a sufficient distance from the converter in the 
measuring arrangement and the other structures whose 
operation involves electrical signals. The sensitive sur- 
face of the sensor, i.e. the pressure transmission ele- 

10 ments, is on the surface of the measuring arrangement, 
but the structures whose operation involves electrical 
signals can be kept deeper in the apparatus and thus at 
a distance from the skin and better protected against the 
loads from the operating environment. In addition, a pre- 

15 ferred embodiment of the invention provides mechani- 
cal amplification for the effect of a pressure signal, which 
effect is transmitted from the first edge of the pressure 
transmission element through the second edge of the 
element to the signal converter. The preferred embodi- 

20 ments of the invention emphasize the advantages pro- 
vided by the basic invention. 

SHORT DESCRIPTION OF THE DRAWINGS 

25 [0008] In the following, the invention will be described 
by means of preferred embodiments and with reference 
to the attached drawings, in which 

Figure 1 shows a one-channel measuring arrange- 

30 rnent having a capacitive converter, 

Figure 2 is a chart showing the principle of a two- 
channel measuring arrangement having a capaci- 
tive converter, with the structural parts being sepa- 
rated from each other for the purpose of illustration. 

35 Figure 3 is a chart showing the principle of placing 
a pressure transmission element in relation to the 
wrist artery. 

Figure 4 shows a measuring arrangement integrat- 
ed to a wristband, 
40 Figure 5 is a chart showing the principle of a meas- 
uring arrangement as applied to heart rate meas- 
urement, 

Figure 6 is a chart showing the principle of a meas- 
uring arrangement for measuring a pressure pulse 
45 in blood pressure measurement, 

Figure 7 shows a pressure pulse signal in blood 
pressure measurement and an active compressive 
pressure, 

Figure 8 shows a resistive converter as seen from 
50 the direction of the pressure transmission structure. 
Figure 9 shows the pressure pulse signals of eight 
channels, 

Figure 10 shows a pressure transmission structure 
made of zebra rubber, 
55 Figure 11 illustrates the clearances between the 
pressure transmission element and the support 
structure. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0009] The invention relates to a measuring arrange- 
ment for measuring a pressure signal from a living body 
1. In the figures, the body is represented by a hand 1 
having an artery 2, such as a wrist artery 2. In Figure 4, 
the reference numbers 5 and 6 represent the radius and 
the ulna. Most preferably, the measuring arrangement 
is used to measure the pressure pulse signal from the 
wrist arteiy 2. Figure 9 shows a pressure pulse signal 
which, in fact, is the pressure pulse signals S1 to S8 of 
eight measuring channels C1 to C8. 
[0010] The measuring arrangement comprises a sen- 
sor structure 10 which comprises a converter 11 for con- 
verting the effect of the pressure signal measured from 
the body 1 to an electrical signal. The converter 11 is 
most preferably a capacitive converter 11, as in Figure 
1 . or in a second preferred embodiment, a resistive con- 
verter 111, as in Figure 8. 

[0011] The figures show that the measuring arrange- 
ment comprises a pressure transmission structure 30 
prior to the converter 11 in the sensor structure 10, the 
pressure transmission structure comprising one or more 
pressure transmission elements 31 to 38. In the exam- 
ple of Figure 2, there are two pressure transmission el- 
ements. In the examples of Figures 3 to 6, there are 
eight pressure transmission elements. The pressure 
transmission structure 30 is in a way a connecting piece 
between the sensitive area of the measuring arrange- 
ment, i.e. the converter 1 1 , and the measurement target 
1, i.e. the body 1. 

[0012] The figures show that the pressure transmis- 
sion structure 30 is, through one or more pressure trans- 
mission elements 31 to 38, meant to be in direct or in- 
direct contact with the body 1 for detecting the pressure 
signal S1 to S8 measurable from the body 1 . for instance 
from an artery 2. In additbn. the pressure transmission 
structure 30 is, through one or more pressure transmis- 
sion elements 31 to 38, connected to the converter 11 
for transmitting the effect of the pressure signal detected 
in the body 1 to the converter 11 In the sensor structure 
10 by means of one or more pressure transmission el- 
ements 31 to 38 of the pressure transmission structure 
30. With reference to the above-mentioned indirect con- 
tact, it should be noted that as in Figure 1 , a dust shield 
15 or another structure making the contact indirect can 
be arranged between the skin and the pressure trans- 
mission structure 30. 

[0013] Even though several pressure transmission el- 
ements, for instance all 8 pressure transmission ele- 
ments 31 to 38, can be and, in practice, are simultane- 
ously in contact with the body 1 for detecting the pres- 
sure pulse of the artery 2. it is naturally understandable 
that all pressure transmission elements 31 to 38 do not 
necessarily detect a pressure pulse and thus, cannot 
transmit an effect to the converter 11. Such a situation 
may arise, if in the vicinity of some pressure transmis- 
sion elements in the body 1 , there is no pressure pulse 



signal strong enough to transmit to a pressure transmis- 
sion element. For Instance, it may be that three or four 
pressure transmission elements move towards the con- 
verter 1 1 and the remaining five or four elements do not 

s move, because the pressure signal at their kx:ation in 
the body is too weak tocreate the movement of the pres- 
sure transmission elements in questran towards the 
converter 11. In the channels C3 to C5 of Figure 9, the 
signals S3 to S5 are quite strong and thus affect the 

10 pressure transmission elements 33 to 35 detecting the 
signals S3toS5. 

[0014] In the preferred embodiment of Figures 1 to 2 
and 5 to 6, the converter 11 in the sensor structure, to 
which the pressure transmission structure 30 is con- 

^5 nected, is a capacitive converter 1 1 whose capacitance 
changes according to the pressure transmitted by the 
pressure transmission structure 30 to the converter. A 
capacitive converter 11 is most preferably implemented 
in such a manner that the capacitive converter 11 com- 

20 prises a conductive ground plane 20, one or more con- 
ductive signal outputs 21 to 28. and an intemnediate part 
29 between the ground plane 20 and the signal outputs 
21 and 28. The structure is thus similar in principle to 
that of a capacitor, i.e. an intermediate part 29, which is 

2S most preferably made of a dielectric material, is located 
between the conductive surfaces, Le. the ground plane 
20 and the signal outputs 21 and 28. The intermediate 
part 29 should in this application be collapsible to allow 
the movement of the pressure transmission elements 

30 31 to 38 towards the signal outputs. For instance, when 
the pressure transmissbn element 31 moves towards 
the converter 1 1 , the distance between the ground plane 
20 and the signal output 21 becomes shorter, changing 
the capacitance of the converter 11. The capacitance 

3S change in question alters the current running in the cir- 
cuit passing through the ground plane 20 and the signal 
output 21, and the alteratbn of the cun'ent is detected 
In the apparatus, for instance in blocks 400 (Figure 5) 
or blocks 500 and 800 (Figure 6). The operation is sim- 

40 liar in the rest of the pressure transmission elements 32 
to 38 and the corresponding signal outputs 22 to 28. The 
signal outputs 21 to 28 are conductive areas formed on 
the surface of a platform 18, such as a circuit board 18 
or another suitable platform 18, as shown In Figures 1 

45 to 2 and 5 to 6. 

[0015] A preferred embodiment shows that the pres- 
sure transmission stmcture 30. 31 to 38 is connected to 
the converter through the ground plane 20 of the con- 
verter 11. 

so [0016] The converter 11, for instance a capacitive 
converter 1 1 . can be a P VDF-type (polyvinyl difluoride) 
converter based on a piezoelectric effect, or the convert- 
er 11 can be an EMF (electromechanical film) converter 
based on an electret film, because these do not require 

55 a power supply, since piezo or EMF elements have an 
electric charge of their own. The intermediate part 29 of 
a capacitive converter 11 can thus most preferably be 
piezoelectric or electret (EMF). 



3 



5 



EP1 034736 A1 



6 



[001 7] The converter 1 1 presented above is thus ca- 
pacitlve. Alternatively, the measuring arrangement can 
be as in Figure 8, i.e. the converter 111 comprising a 
sensor structure, to which the pressure transmission 
structure 30 is connected, is a resistive converter 111 
whose resistance changes according to the pressure 
transmitted by the pressure transmissbn structure 30, 
31 to 38 to the converter. The operation of the resistive 
converter is based on the fact that the pressure trans- 
mission elements 31 to 38 press the flexible resistive 
converter 111 making it bend and consequently, due to 
the bending, its resistance changes. The change in the 
resistance alters the electrical signal received from the 
converter 111. In Figure 8, the resistive converter 111 
comprises resistive elements 121 to 128 whose number 
corresponds to that of the pressure transmission ele- 
ments 31 to 38, i.e. the pressure pulse transmission el- 
ements 31 to 38. and which are paired with the pressure 
transmission elements 31 to 38, i.e. the pressure trans- 
mission element 31 , for instance, is arranged to press 
the resistive element 121, and the resistive element 1 21 
bends making its resistance change and thus causing 
an alteration in the current, which is then detected. The 
alteration of the current indicates, whether there was a 
pressure pulse and how strong it was. The resistive el- 
ements 1 21 to 1 28 are signal outputs like the signal out- 
puts 21 to 28 of the capacitive sensor. The pressure 
transmission elements 31 to 38 settle against the point- 
ed areas of the resistive elements 121 to 128, i.e. the 
movement of the pressure transmission elements 31 to 
38 is directed at the pointed areas. In Figure 6, the free 
ends of the horizontal lines of the resistive elements 121 
to 128 are, in practice, connected to a filter 401 or 701 
as shown in Figure 5 or 6. The signal outputs 1 21 to 1 28 
are made of a resistive coating or a resistive conductor 
on the surface of the platform 1 30, for instance a circuit 
board or the like. 

[0018] By suitably designing the pressure transmis- 
sion elements 31 to 38, an even better operation is 
achieved in a preferred embodiment of the invention. Let 
us mark as A1 the surface area of the area which is to 
be against the body 1 in the pressure transmission ele- 
ment 31 and as A2 the surface area of the area which 
is against the converter 11 In the same pressure trans- 
mission element 31 . According to a preferred embodi- 
ment, the figures, for instance Figure 1, show, for the 
pressure transmission element 31. for instance, that In 
a preferred embodiment, in one or more pressure trans- 
mission elements 31 to 38, the surface area A1 . which 
is to be against the body 1 and which is meant to detect 
the pressure signal of the body 1 . is greater than the 
surface area A2, which is against the converter 11 in the 
same pressure transmission element 31 and which 
transmits the pressure signal effect to the converter 11 . 
This provides a mechanical amplification of the signal, 
i.e. a weak pressure pulse signal transmitted through 
the greater surface area A1 to a pressure transmission 
element, such as the pressure transmission element 31 , 



is transmitted through the smaller surface area A2 to the 
converter 1 1 amplified by ratio A1/A2. In a preferred em- 
bodiment, each pressure transmissbn element, i.e. also 
the pressure transmissbn elements 32 to 38, is in its 

s corresponding surface area A1 . A2 similar to the pres- 
sure transmission element 31 . Thus, in a preferred em- 
bodiment, the surface area A1 which is meant to be 
against the body 1 is in each pressure transmissbn el- 
ement 31 to 38 greater than the surface area A2 against 

10 the converter 1 1 . According to the findings of the appli- 
cant, a sufficient amplifying effect Is achieved when, in 
a preferred embodiment, the surface area A1 of the area 
which is meant to be against the body 1 , is at least 20% 
greater than the surface area A2 of the area against the 

IS converter 11 in the same pressure transmissbn ele- 
ment. 

[001 9] With reference to Figure 1 , to make the sensor 
structure 10 such that the sensitive surface which is to 
be against the body 1 , i.e. the outer surface of the pres- 
to sure transmission structure 30, 31 to 38, can be made 
to extend outward enough and, on the other hand, to 
keep the components processing the measurement sig- 
nal in a protected location inside the measuring arrange- 
ment, then the structure of a preferred embodiment 
2S must be such that the extension H of the pressure trans- 
missbn structure 30 comprising one or more pressure 
transmission elements 31 to 38 and located prior to the 
converter 11, between the area to be against the body 
1 and the area against the converter 11 is at least triple 
30 in relation to the thickness J of the converter. It is noted 
that the thickness of the converter 11 refers to the dis- 
tance of the inner surface of the ground plane 20 (the 
lower surface of the ground plane in Figure 1) from the 
surface of the signal output, for instance the signal out- 
35 put 21 . The circuit board 1 8 used as a platform for the 
signal outputs 21 to 28 is not calculated into the thick- 
ness of the converter 11. 

[0020] In relation to the extension, it Is noted that in a 
preferred embodiment, the extensbn H of the pressure 

40 transmission structure 30 comprising one or more pres- 
sure transmission elements 31 to 38 and located prior 
to the converter 11 , is at least 1 mm in the direction be- 
tween the surface to be against the body 1 , i.e. the outer 
surface, and the converter 11. The extension H is, In a 

45 way, the height H of the pressure transmission structure, 
as seen in Figure 1 . 

[0021] In a preferred embodiment, the measuring ar- 
rangement has multiple channels and consequently, the 
pressure transmission staicture comprises two or more 

50 pressure transmission elements 31 to 38 for transmitting 
the effect of a pressure signal measurable from the body 
to the converter. In Figure 2, there are two pressure 
transmission elements, i.e. elements 31 an 32, but the 
version in Figures 3 to 6 is more practical having even 

55 more pressure transmission elements, for instance 8, i. 
e. elements 31 to 38. Figures 1 to 2 and 5 to 6 show that 
the converter 11 comprises channel-specific conductive 
signal outputs 21 to 28, each signal output 21 to 28 form- 
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ing a pair with the corresponding pressure transmission 
element 31 to 38. In Figures 1 to 2, the signal outputs 
21 to 22 are the second electrodes of the converter, 
through which electrodes the electrical measuring sig- 
nals are transmitted and from which electrodes the 
measuring signals are obtained for further processing. 
Figure 8 concerns the signal outputs 212 to 128 which 
are resistive elements paired with pressure transmis- 
sion elements 31 to 38. Thus, in practice, the effect of 
the movement of the pressure transmission element 31 , 
for instance, on the converter can be detected by the 
electrical signal received from the signal element 21 . 
The electrical signal is measured in relation to the 
ground plane 20. The resistive elements 1 21 to 1 28 act- 
ing as signal outputs 121 to 128 in Figure 8 alter the 
magnitude of the electrical current running through each 
resistive element 121 to 128. 
[0022] As shown In Figures 3 to 6, the multi-channel 
sensor structure is set crosswise to the artery 2 so as to 
make sure that the pressure pulse of the artery is de- 
tected. It is noted that the pressure transmission ele- 
ments 31 to 38 are most preferably adjacent to each oth- 
er to achieve a small size and a good measuring relia- 
bility. As shown in Figure 4, the structure should most 
preferably be such that the surface formed by the adja- 
cent pressure transmission elements 31 to 38, which is 
meant to be against the body 1 , is curved, because this 
way the top of the pressure transmission structure in a 
way sinks into the skin 1, achieving good compression. 
It can be seen that the pressure transmission elements 
31 to 38 are most preferably parallel, making the move- 
ments of the pressure transmission elements 31 to 38 
towards the converter 1 1 and the return movement uni- 
directional, which does not require much space. 
[0023] With reference to Figures 1 to 2, a most pref- 
erable structure is such that the surface meant to be 
against the body 1 in one or more pressure transmission 
elements 31 to 38 is such that the surface of the pres- 
sure transmission element, for Instance the element 31 , 
is further out in the mid-area C of the pressure transmis- 
sion element 31 than at the sides El, E2, thus making 
the surface of the pressure transmission element 31 
cun^ed. This embodiment, too. Improves the ability of 
the pressure transmission element to push against the 
body. Most preferably, one or more pressure transmis- 
sion elements 31 to 38 in the pressure transmission 
structure 30 are disciform, because with the form it is 
easy and quite simple to achieve the above-mentioned 
preferred embodiments. 

[0024] With reference to Figures 1 to 2 and 11, in a 
preferred embodiment, the measuring arrangement 
comprises a support structure 200 against which one or 
more pressure transmission elements 31 to 38 of the 
pressure transmission structure are supported. The 
movement of the pressure transmission elements 31 to 
38 can easily be enabled by means of the support struc- 
ture. Between the support structure 200 and one or 
more pressure transmission elements 31 to 38, the 



measuring arrangement comprises a support enabling 
the movement of one or more pressure transmissbn el- 
ements of the pressure transmission structure towards 
the converter when the pressure transmission element 
s has detected a pressure signal. In a preferred embodi- 
ment, the multi-channel measuring arrangement com- 
prises a support structure 200 against which two or more 
pressure transmission elements of the pressure trans- 
mission structure 30 are supported. Between the sup- 
port structure 200 and the pressure transmission ele- 
ments, the measuring arrangement comprises supports 
enabling movement, which, after a pressure signal has 
been detected, enables both the movement of one or 
more pressure transmission elements towards the con- 
verter and the movement of the pressure transmission 
elements 31 to 38 between each other in the direction 
between the body 1 and the converter 2. 
[0025] With reference to Figures 2 and 11 , It is noted 
that to implement the support enabling the movement 
of the pressure transmission element, such as the ele- 
ment 31, the measuring arrangement comprises one or 
more clearances 250 between the support structure 200 
and one or more pressure transmission elements. The 
clearance is most preferably at least 0.01 mm to enable 
a sufficient movement. The support structure 200 com- 
prises a socket 260 for one or more pressure transmis- 
sion elements of the pressure transmission structure. 
The clearance 250 is in the support structure between 
the pressure transmission element 31 and the socket 
260 of the support structure 200. The socket 260 refers 
to the space in the support structure 200, where the 
pressure transmission element is. There is an opening 
both on the body 1 side and the converter 11 side in the 
socket 260 so as to allow the pressure signal of the ar- 
tery 2 to move the pressure transmission element 31 
towards the converter 11 and to allow a return move- 
ment. 

[0026] Alternatively, a solution presented in Figure 1 0 
is possible, in which to implement the support enabling 
the movement of one or more pressure transmission el- 
ements, the support structure 280 of one or more pres- 
sure transmission elements - having now reference 
numbers 131 to 134 - of the measuring arrangement is 
made of a flexible material, and one or more pressure 
transmission element 131 to 134 of the pressure trans- 
mission structure are supported against this flexible 
support structure 280. In a preferred embodiment ac- 
cording to Figure 10, the support structure 280 and one 
or more pressure transmission element 131 to 134 in it 
are made of zebra rubber which allows each pressure 
transmission element 1 31 to 1 34 to move at least some- 
what In relation to the support structure 280. Zebra rub- 
ber is so called because of the stripes made up of dark 
and light areas, the light areas being the support struc- 
ture 280 and the dark areas the pressure transmission 
elements 131 to 134. 

[0027] In a preferred embodiment, one or more pres- 
sure transmission elements 31 to 38 and 1 31 to 1 34 are 



15 



20 



25 



30 



35 



40 



45 



50 



5 



9 



EP 1034 736 A1 



10 



made of an insulating material preventing the skin from 
getting into contact with electrical signals. 
[0028] As stated earlier, the measuring arrangement 
of the invention is one meant for measuring a pressure 
pulse of an artery 2 from the human body 1. 
[0029] As for the fields of application of the invention, 
the primary field of application is that of the earlier pat- 
ents and patent application of the applicant, i.e. person- 
al, small-sized heart rate monitors for wrist use. The 
measuring arrangement in Figure 5 is one meant for use 
in a heart rate monitor attached to a person's wrist or 
elsewhere. The wristband shown In Figure 4 is marked 
with reference number 350. 

[0030] In the application in question, the pressure 
transmissbn structure 30, 31 to 38 and the converter 
11.111 measure a pressure pulse of an artery 2 in the 
body 1 and, on the basis of this, the heart rate value can 
be calculated. The measuring arrangement Is then one 
meant for measuring a pressure pulse of an artery 2 
from the human body 1 . As shown in Figure 5, the meas- 
uring arrangement also comprises a definition means 
400 connected to the converter 11 for determining the 
heart rate value on the basis of the pressure pulse 
measurement of the artery 2. Prior to the heart rate value 
definition means 400, there can be signal processing 
means known per se or other signal processing means, 
such as a filter 401 , an amplifier 402, and an A/D con- 
verter 403. For simplicity's sake, only the amplifier 402 
has been shown in Figure 2, and for the same reason, 
it is shown connected only to signal output 31 . It should, 
however, be noted that the amplifiers and filters perform 
action on signals of all channels. 
[0031] The filter 401 in Figure 5 is a band-pass filter. 
The pass band of a band-pass filter is most preferably 
in the range of 1 to 10 Hz. for instance. 
[0032] In Figure 5, the filter 401 and the amplifier 402 
perform an analogue pre-stage. In Figures 4 and 5, the 
measuring arrangement also comprises a display 410 
connected to the definition means 400 for displaying the 
heart rate value. I nan embodiment, the definition means 
400 calculates the number of received pressure pulses 
for a time unit and indicates the heart rate value on the 
display 410. In another embodiment, the definition 
means 400 measures the time slots between consecu- 
tive pressure pulses and calculates the heart rate on the 
basis of the obtained information, the heart rate is then 
shown on the display 410. In addition, the definition 
means 400 is connected to a memory unit 411 and a 
transmission path 412, such as an RS-232 link, through 
which the heart rate information can be transmitted to a 
reader and on to a PC, for Instance. Naturally, transmis- 
sion path 412 can also be used for data transmission in 
the opposite directton. 

[0033] Figure 6 shows a preferred embodiment for 
blood pressure measurement. The measuring arrange- 
ment is then one meant for measuring a pressure pulse 
of an artery from the human body 1 . The measuring ar- 
rangement also comprises a pulse strength definition 



means 500 connected to the converter 11 for determin- 
ing the strength of the pressure pulse of an artery 2. In 
addition, the measuring arrangement comprises a sen- 
sor 601 measuring the magnitude of the active pressure 

s generated by a pressure generator 600, which sensor 
has a wire or wireless connectbn 602 to the measuring 
arrangement and which can, in this application, be seen 
as part of the measuring arrangement. The active pres- 
sure refers to the pressure which presses the vein 

10 closed. By sufficient active pressure, the pressure pulse 
ceases, i.e. the pressure transmission means 31 to 38 
do not detect a pressure pulse and no measuring signal 
proceeds to block 500. When the magnitude of the ac- 
tive pressure becomes smaller, i.e. when the pressure 

15 of the pressure generator is lowered, blood starts to flow 
again and the pressure transmission structure 31 to 38 
gene rates a signal through the converter 11, 111 to block 
500 which then determines the magnitude of the pres- 
sure pulse. The pressure generator 600 is. for instance. 

20 a pressure sleeve 600. and comprises a pressure pump 
600a and a pressure conductor 600b by means of which 
the pressure is transmitted from the pressure pump 
600a to the sleeve 600. 

[0034] In the embodiment of Figure 6, too, the meas- 

25 uring arrangement comprises a filter 701 , an amplifier 
702, an A/D converter 703, a display 71 0, a memory unit 
711 and possibly a data transmission path 712, such as 
an RS link 712. As for their implementation, reference 
is made to the corresponding blocks in Figure 5. 

30 [0035] The value of th e active pressure generated by 
the pressure generator 600, or information from which 
the value of the active pressure can be calculated is 
transmitted from the sensor 601 to the measuring ar- 
rangement through the RS-323 link 712 or through an- 

35 other wire or wireless data transmission connection. 
The transmission link in question Is marked with refer- 
ence number 602. The transmissbn link 602 can. for 
Instance, be based on an Inductive connection between 
blocks 601 and 712, which is based on resonance cir- 

40 cults implemented by means of coils and capacitances 
which, however, need not be described In greater detail 
herein. 

[0036] The measuring arrangement In Figure 6 also 
comprises a blood pressure definition means 800 con- 

45 nected to the pressure pulse strength definition means 
500. The blood pressure definition means 600 also re- 
ceives infomnation on the nrtagnitude of the active pres- 
sure through the link 7 1 2, 602 from the sensor 601 . Con- 
trolled by the pressure pulse strength definition means 

50 500. the blood pressure definition means 800 deter- 
mines, on the basis of the signal from the sensor 601 
measuring the magnitude of the active pressure, the 
blood pressure value which Is then displayed on the dis- 
play 710 of the measuring arrangement. With reference 

55 to Figures 6 to 7, it is noted that when the signal of the 
pressure pulse strength definition means 500 begins to 
decrease, the blood pressure definitk)n means 800 de- 
termines, i.e. finds out. that the diastolic pressure value 
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PDIAS is that of the currently active pressure received 
from the sensor 601 . Correspondingly, when the signal 
amplitude of the pressure pulse strength definition 
means 500 becomes low enough, or is no longer detect- 
ed, or approaches a limit value close to zero, the blood 
pressure definition means 600 determines, i.e. finds out. 
that the systolic pressure value PSYS is that of the cur- 
rently active pressure received from the sensor 601. 
[0037] With reference to Figures 6 to 7, it is noted that 
said variable active pressure is a rising active pressure. 
In this case, the blood pressure measurement is per- 
formed when the active pressure is raised with the pres- 
sure generator 600. Measurement during rising pres- 
sure Is more comfortable for the person whose blood 
pressure is being measured, because the active pres- 
sure need not be raised too high. The situation then is 
that in a measurement made during rising active pres- 
sure, the diastolic pressure PDIAS is determined on the 
basis of the active pressure which prevails when, during 
pressure pulse measurement, such as the measure- 
ment of its amplitude, it is detected in blocks 500 and 
800 that the magnitude of the pressure pulse, i.e. its am- 
plitude, for instance, begins to decrease. Correspond- 
ingly, the determination of the systolic pressure PSYS 
is performed on the basis of the active pressure which 
prevails when, during pressure pulse measurement, 
such as the measurement of its amplitude, it is detected 
in blocks 500 and 800 that the decrease in the amplitude 
of the pressure pulse ends. 

[0038] To be more precise, and still referring to Figure 
7. the method is most preferably such that in a meas- 
urement performed during a rising active pressure, the 
determination of the diastolic pressure PDIAS is per- 
formed on the basis of the active pressure which pre- 
vails when, during pressure pulse measurement, such 
as the measurement of its amplitude, it is detected that 
the substantially standard value of the pressure pulse, 
such as the standard amplitude, begins substantially di- 
rectly to decrease linearly In Figure 7, the standard am- 
plitude area is marked with SA and the linear area is 
marked with L Correspondingly, the determination of 
the systolk: pressure PSYS is performed on the basis of 
the active pressure which prevails when, during pres- 
sure pulse amplitude measurement, it is detected that 
the decrease of the substantially direct linearly decreas- 
ing pressure pulse amplitude ends and reaches its min- 
imum value AMIN which substantially corresponds to 
zero. The detection of such points is easier by means 
of the pulse strength definition means 500, and, in ad- 
ditbn. a more accurate measurement is obtained. 
[0039] The heart rate definition means 400, the pulse 
strength definition means 500 and the blood pressure 
definitk>n means 800 can be implemented by a program- 
mable processor, an application-specific integrated cir- 
cuit, separate components or by what is known as com- 
posite technology. Composite technology refers to a 
combination of two or more technologies mentioned 
above. The above implementation alternatives also ap- 



ply to the filter 401 and the amplifier 402. for which, in 
the applicant's opinion, the ASIC implementation is es- 
pecially good, but the use of operational amplifiers, re- 
sistors and capacitors is also a possibility. The display 
s 410 can be a matrix display, for instance. 

[0040] In Figure 6, the implementation of bkx:ks 701 
to 702 and 710 to 712 can be quite similar to that of 
bkxJks 401 to 402 and 410 to 412 in Figure 5. The most 
significant difference is in blocks 500 and 800 as com- 
10 pared to block 400, since bk)ck 500 must, in comparison 
with bkx:k 400, be able to find out the magnitude of the 
pressure pulse signal at each time instant instead or in 
addition to calculating solely the number of pulses (or 
the lengths of the time slots between the pulses). Also, 
bbck 800 must be able to Interpret what the change in 
the output informatbn from block 500 means. The op- 
eration of block 800 is thus controlled by rules which in- 
dicate according to Figure 7 what each change In the 
output information from block 500 means. Figures 5 to 
6 show that the converter 11 is connected to the filter 
401/701 in which the signal is filtered. The filter 401/701 
is also connected to the amplifier 402/702 which ampli- 
fies the filtered signal. The amplifier 402/702 is also con- 
nected to the A/D converter 403/703 which converts the 
signal from analogue to digital. The A/D converter is also 
connected to the processor 400/500/800. As was done 
with Figures 4 and 5, it can also be noted with reference 
to Figures 4 and 6 that in a preferred embodiment, the 
measuring arrangement is one meant to be used in a 
blood pressure gauge attached to a person's wrist or 
elsewhere. The wristband shown in Figure 4 is marked 
with reference number 350. 

[0041 ] It is further noted with reference to Figure 4 that 
the platform 1 8, for instance a circuit board, can be two- 
sided so that the signal outputs 21 to 28 are on one side 
and blocks 400 to 403 and 410 to 412 are on the other 
side of the platform 18. The same applies to blocks 701 
to 703 and 710 to 712 and 800 of the blood pressure 
gauge. In Figure 4, the blocks 400 to 403 and 411 to 41 2 
of Figure 5 or, on the other hand, the blocks 701 to 703 
and 711 to 71 2 and 800 of Figure 6 are simply marked 
with EL. The casing of the heart rate monitor or bk>od 
pressure gauge is marked with reference number 900. 
[0042] It is obvious to a person skilled in the art that 
as technology advances, the basic idea of the invention 
can be Implemented in many different ways. The inven- 
tion and its embodiments are thus not limited to the 
above examples but can vary within the scope of the 
claims. 



Claims 

1 . A measuring arrangement for measuring a pressure 
signal from a living body, which measuring arrange- 
ment comprises a sensor structure (1 0) comprising 
a converter (1 1 ) for converting the effect of the pres- 
sure signal measured from the body to an electrical 
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signal. 

characterized in that the measuring arrange- 
ment comprises a pressure transmission structure 
(30) prior to the converter (11) of the sensor struc- 
ture, which pressure transmission structure com- 
prises one or more pressure transmission elements 
(31 to 38) and which pressure transmission struc- 
ture (30) is. through one or more pressure transmis- 
sion elements (31 to 38), meant to be in direct or 
indirect contact with the body (1) for detecting the 
pressure signal measurable from the body, and 
which pressure transmission structure (30) is, 
through one or more pressure transmission ele- 
ments (31 to 38), connected to the converter (11) 
for transmitting the effect of the pressure signal de- 
tected in the body (1 ) by means of one or more pres- 
sure transmission elements (31 to 38) of the pres- 
sure transmission structure (30) to the converter 
(11) of the sensor structure (10). 

2. A measuring arrangement as claimed in claim 1 , 
characterized in that in one or more pressure 
transmission elements (31 to 38), the surface area 
(Al ) of the area to be against the body ( 1 ) and which 
is meant to detect the pressure signal of the body 
(1), is greater than the surface area (A2) which is 
against the converter (11) in the same pressure 
transmission element and which is meant to trans- 
mit the pressure signal effect to the converter (1 1 ). 

3. A measuring arrangement as claimed in claim 2, 
characterized in that in each pressure transmis- 
sion element (31 to 38), the surface area (A1 ) which 
is to be against the body (1 ) is greater than the sur- 
face area (A2) which is against the converter (11). 

4. A measuring arrangement as claimed In claim 2 or 
3, characterized in that in a pressure transmission 
element, the surface area (Al) which is to be 
against the body (1 ) is at least 20% greater than the 
surface area (A2) which is against the converter (1 1 ) 
in the same pressure transmission element. 

5. A measuring arrangement as claimed in claim 1, 
characterized in that an extension (H) of the pres- 
sure transmission structure (30) comprising one or 
more pressure transmission elements (31 to 38) 
and located prior to the converter (11). between the 
area to be against the body (1 ) and the area against 
the converter is at least triple in relation to the thick- 
ness (J) of the converter. 

6. A measuring arrangement as claimed in claim 1, 
characterized the extension (H) of the pressure 
transmission structure (30) comprising one or more 
pressure transmission elements (31 to 38) and lo- 
cated prior to the converter (11 ). is at least 1 mm in 
the direction between the surface to be against the 



body (1 ) and the converter (11). 

7. A measuring arrangement as claimed in claim 1 , 
characterized in that the measuring arrangement 

s has multiple channels and, thus, the pressure trans- 
mission structure (30) comprises two or more pres- 
sure transmisston elements (31 to 38) for transmit- 
ting the effect of a pressure signal measured from 
the body (1 ) to the converter (11). 

10 

8. A measuring an-angement as claimed in claim 7, 
characterized in that the pressure transmission el- 
ements (31 to 38) are adjacent to each other. 

IS 9. A measuring arrangement as claimed in claim 8, 
characterized in that the surface, which Is meant 
to be against the body (1). formed by the adjacent 
pressure transmission elements (31 to 38) is 
cun/ed. 

20 

10. A measuring arrangement as claimed in claim 7. 
characterized in that the pressure transmission el- 
ements (31 to 38) are parallel to each other 

25 11. A measuring arrangement as claimed in claim 1. 
characterized in that the surface meant to be 
against the body (1 ) in one or nnore pressure trans- 
mission elements (31 to 38) is such that the surface 
of the pressure transmission element is further out 

30 in the mid-area of the pressure transmission ele- 
ment than at the sides, thus making the surface of 
the pressure transmission element curved. 

12. A measuring arrangement as claimed in claim 1, 
35 characterized in that one or more pressure trans- 

missk>n elements (31 to 38) of the pressure trans- 
missbn structure (30) is disciform. 

13. A measuring arrangement as claimed in claim 1, 
40 characterized in that the measuring arrangement 

comprises a support structure (200) against which 
one or more pressure transmissbn elements (31 to 
38) are supported. 

45 14. A measuring arrangement as claimed in claim 13, 
characterized in that between the support struc- 
ture (200) and one or more pressure transmission 
elements (31 to 38), the measuring arrangement 
comprises a support enabling the movement of one 

50 or more pressure transmission elements (31 to 38) 
of the pressure transmission structure (30) towards 
the converter (11) when the pressure transmission 
element (31 to 38) has detected a pressure signal. 

55 15. A measuring arrangement as claimed In claim 7, 
characterized in that a multi-channel measuring 
an-angement comprises a support structure (200) 
against which two or more pressure transmission 
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elements (31 to 38) of the pressure transmission 
structure (30) are supported and that between the 
support structure (2CX)) and the pressure transmis- 
sion elements (31 to 38), the measuring arrange* 
ment comprises supports enabling movement, 
which, after a pressure signal has been detected, 
enables both the movement of one or more pres- 
sure transmission elements (31 to 38) towards the 
converter (11) and the nravement of the pressure 
transmission elements (31 to 38) between each oth- 
er. 

1 6. A measuring arrangement as claimed in claim 1 4 or 
15, characterized in that to implement the support 
enabling the movement of one or more pressure 
transmission elements (31 to 38), the measuring ar- 
rangement comprises one or more clearances 
(250) between the support structure (200) and one 
or more pressure transmission elements (31 to 38). 

17. A measuring arrangement as claimed in claim 16, 
characterized in that the support structure (200) 
comprises a socket (260) for one or more pressure 
transmission elements (31 to 38) of the pressure 
transmission structure (30) and that the clearance 
(250) Is in the support structure between the pres- 
sure transmission element and the socket of the 
support structure. 

1 8. A measuring arrangement as claimed in claim 1 4 or 
15, characterized in that to implement the support 
enabling the nrKsvement of one or more pressure 
transmission elements (31 to 38). the support struc- 
ture (200) of one or more pressure transmission el- 
ements of the measuring arrangement is made of a 
flexible material, and that one or more pressure 
transmission elements of the pressure transmission 
stnjcture are supported against this flexible support 
stmcture. 

19. A measuring arrangement as claimed In claim 18, 
characterized in that the support structure and one 
or more pressure transmission elements in it are 
made of zebra rubber which allows each pressure 
transmission element to move at least somewhat in 
relation to the support structure. 

20. A measuring arrangement as claimed in claim 1 , 
characterized in that one or more pressure trans- 
mission elements (31 to 38) are made of an insulat- 
ing material. 

21. A measuring arrangement as claimed in claim 1, 
characterized in that the converter (1 1 ) of the sen- 
sor structure, to which the pressure transmission 
structure is connected, is a capacitive converter 
(11) whose capacitance changes according to the 
pressure transmitted by the pressure transmission 



structure (30) to the converter (11). 

22. A measuring arrangement as claimed in claim 21, 
characterized In that the capacitive converter (11) 
5 comprises a conductive ground plane (20), one or 
more conductive signal outputs (21 to 28) and an 
intermediate part (29) between the ground plane 
and each signal output. 

10 23. A measuring an-angement as claimed in claim 22, 
characterized in that the pressure transmission 
structure (30) is connected to the converter through 
the ground plane (20) of the converter (11), 

IS 24. A measuring arrangement as claimed in claim 1 , 
characterized in that the converter of the sensor 
structure, to which the pressure transmission struc- 
ture is connected, is a resistive converter (111 , 121 
to 1 28) whose resistance changes according to the 

20 pressure transmitted by the pressure transmissbn 
structure to the converter (11). 

25. A measuring arrangement as claimed in claim 1 , 
characterized in that the converter (11, 111) com- 
2S prises one or more channel-specific signal outputs 
(21 to 28, 121 to 128), each signal outp being paired 
with the corresponding pressure transmissbn ele- 
ment (31 to 38. 131 to 138). 

30 26. A measuring arrangement as claimed in claims 24 
and 25, characterized in that in the resistive con* 
verter (111), the signal outputs (121 to 128) are re- 
sistive elements (121 to 128). 

3S 27. A measuring arrangement as claimed in claim 1 , 
characterized in that the measuring arrangement 
is one meant for measuring a pressure pulse of an 
artery (2) in a human body (1 ). 

40 28. A measuring arrangement as claimed in claim 1 or 

27, characterized in that the measuring arrange- 
ment is one meant for measuring a pressure pulse 
of an artery (2) in a human body (1), and that the 
measuring arrangement also comprises a definition 

45 means (400) connected to the converter for deter- 
mining the heart rate on the basis of measuring the 
pressure pulse of the artery, and that the measuring 
arrangement also comprises a display (410) con- 
nected to the definition means (400) for displaying 

so the heart rate value. 

29. A measuring arrangement as claimed in claim 1 or 

28. characterized in that the measuring an^ange- 
ment is one meant for use in a heart rate nnonitor 
attached to a person's hand, i. e. wrist or elsewhere. 

30. A measuring arrangement as claimed in claim 1 or 
27, characterized in that the measuring arrange- 
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men! is one meant for measuring a pressure pulse 
of an artery in a human body, and that the measur- 
ing arrangement also comprises a pulse strength 
definition means (500) connected to the converter 
(11) for determining the strength of the pressure s 
pulse of the artery, and that a sensor (601 ) is con- 
nected to the measuring anangement, measuring 
the strength of the active pressure generated by a 
pressure generator (600). and that the measuring 
arrangement comprises a blood pressure definition io 
means (600) which from the signal of the pressure 
pulse strength definition means (500) detemnines 
the blood pressure value on the basis of the signal 
from the sensor (601 ) measuring the magnitude of 
the active pressure, the blood pressure value then is 
being shown on the display (710) of the measuring 
arrangement. 

31. A measuring arrangement as claimed in claim 1 or 
30. characterized in that the measuring arrange- 20 
ment is one meant for use in a blood pressure 
gauge attached to a person's hand, i.e. wrist or else- 
where. 
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